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INTRODUCTION

The current methods for determining J-integral fracture toughness using

unloading compliance with a bend specimen require that both load-line and crack-

mouth displacements be measured (refs 1,2). Load-line displacement is fundamen-

tal to the methods, because it is a basic component of the strain energy input

to the sample and is required to calculate values of applied J. Crack-mouth

displacement is the preferred displacement for the unloading-compliance method

of measuring crack growth during the tests. However, there is no fundamental

limitation to using load-line displacement for the unloading-compliance proce-

dures, thus, simplifying the overall method for determining fracture toughness.

In some recent work (ref 3), the advantage of using one displacement for both

purposes went beyond simplicity; it avoided the difficult test arrangements

which would have been required for two measures of displacement with small, 3-mm

thick bend specimens.

The objective here is to describe some finite element displacement measure-

ments along the bottom surface of a bend specimen and show that they give an

accurate measure of load-line displacement for the specimen and results suitable

for use in J-integral fracture toughness tests.

RESULTS

Figure 1 shows the configuration of the arc-shaped bend specimen which was

modeled using the ABAQUS finite element code. A linear elastic analysis was

carried out using eight-node isoparametric plane-stress elements; plane-stress

conditions were used because of the global nature of the bottom surface dis-

placements which were of primary interest. Crack tip elements were formed by

collapsing one side of the element and moving the midside node in the usual

manner. Stress intensity factor, K, was also calculated from the J-integral
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contours of the code. The specimen had an outer-to-inner radius ratio of 1.27,

span-to-depth ratio, S/W, of 4.0, and cord surface offset-to-depth ratio, X/W,

of 0.1.

The bottom surface displacements calculated from the finite element model

are listed in Table I, along with estimates of the load-line displacement and

the differences between the calculated and estimated values of load-line dis-

placement. Results are shown for seven values of offset relative to the load

line, 2L/S, and three crack lengths. The displacement, d, from finite element

results on the bottom surface is given in a common dimensionless form, dEB/P,

and compared with a simple estimate of the displacement at the load line, 8,

obtained as follows:

6EB/P = (dEB/P) (S/2L) (1)

where E is elastic modulus and the other parameters are defined in Figure 1.

This expression describes the motion of the bottom surface of the specimen as if

it were simple rigid body rotation. The results in Table I show that an assump-

tion of rigid body rotation is good for relatively deep cracks and small offsets

from the load line. For offsets with 2L/S > 0.85 and a/W > 0.6, Eq. (1) gives a

value of load-line displacement within one percent of the actual value from

finite element calculations.

It is prudent to verify finite element results to identify any errors hid-

den in the complexity of the procedure. For example, the load-line displacement

for a/W = 0.6 for this arc-shaped specimen is 6EB/P = 95.73. This compares well

with the respective value for a rectangular specimen, 6EB/P = 88.28 (ref 1).

The higher value (by about eight percent) is expected for the arc-shaped speci-

men because of the diminished cross section away from the load line. A com-

parison of the arc-shaped results here with arc-shaped results from prior work
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by the authors (ref 4) shows agreement of K within one percent and agreement of

6 within four percent, providing further verification.

SUMMARY

Finite element calculations of bottom surface displacement showed that a

rigid body rotation expression gives an accurate description of the load-line

displacement for the arc-shaped specimen. Since the configuration and the

displacements of the arc-shaped specimen were similar to those of the rec-

tangular specimen, bottom surface displacements can be used as a general measure

of load-line displacement for bend specimens.
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TABLE I. BOTTOM SURFACE DISPLACEMENTS FOR AN

ARC-SHAPED THREE-POINT BEND SPECIMEN

Crack Center Displacement, Displacement, Difference,
Length Offset *FE Calculations Eq. (1) Estimate FE vs. Ea. )
a/W 2L/S dEB/P 6EB/P Percent

0.4 1.000 43.24 43.24 0.0

0.988 42.76 43.28 0.1

0.975 42.27 43.35 0.3

0.963 41.78 43.39 0.3

0.950 41.30 43.47 0.5

0.850 37.70 44.35 2.6

0.806 36.21 44.93 3.9

0.6 1.000 95.73 95.73 0.0

0.988 94.61 95.76 0.0

0.975 93.48 95.88 0.2

0.963 32.36 95.91 0.2

0.950 91.24 96.04 0.3

0.850 82.44 96.99 1.3

0.806 78.60 97.52 1.9

0.8 1.000 380.2 380.2 0.0

0.988 375.5 380.1 0.0

0.975 370.9 380.4 0.1

0.963 366.2 380.3 0.0

0.950 361.5 380.6 0.1

0.850 324.5 381.7 0.4

0.806 308.0 382.1 0.5

*FE: Finite Element

5



CLf

coa

LL



TECHNICAL REPORT INTERNAL DISTRIBUTION LIST

NO. OF
COPIES

CHIEF, DEVELOPMENT ENGINEERING DIVISION
ATTN: SMCAR-CCB-d 1

-OA 1
-DC 1
-DI 1
-DP 1
-DR 1
-DS (SYSTEMS) 1

CHIEF, ENGIEERING SUPPORT DIVISION
ATTN: SMCAR-CCB-S 1

-SE 1

CHIEF, RESEARCH DIVISION
ATTN: SMCAR-CCB-R 2

-RA 1
-RE 1
-RM 1
-RP 1
-RT 1

TECHNICAL LIBRARY 5
ATTN: SMCAR-CCB-TL

TECHNICAL PUBLICATIONS & EDITING SECTION 3
ATTN: SMCAR-CCB-TL

DIRECTOR, OPERATIONS DIRECTORATE 1
ATTN: SMCWV-OD

DIRECTOR, PROCUREMENT DIRECTORATE 1
ATTN: SMCWV-PP

DIRECTOR, PRODUCT ASSURANCE DIRECTORATE I
ATTN: SMCWV-QA

NOTE: PLEASE NOTIFY DIRECTOR, BENET LABORATORIES, ATTN: SMCAR-CCB-TL, OF
ANY ADDRESS CHANGES.



TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST

NO. OF NO. OF
COPIES COPIES

ASST SEC OF iHE ARMY COMMANDER
RESEARCH AND DEVELOPMENT ROCK ISLAND ARSENAL
ATTN: DEPT FOR SCI AND TECH ATTN: SMCRI-ENM
THE PENTAGON ROCK ISLAND, IL 61299-5000
WASHINGTON, D.C. 20310-0103

DIRECTOR
ADMINISTRATOR US ARMY INDUSTRIAL BASE ENGR ACTV
DEFENSE TECHNICAL INFO CENTER ATTN: AMXIB-P
ATTN: DTIC-FDAC 12 ROCK ISLAND, IL 61299-7260
CAMERON STATION
ALEXANDRIA, VA 22304-6145 COMMANDER

US ARMY TANK-AUTMV R&D COMMAND
COMMANDER ATTN: AMSTA-DDL (TECH LIB)
US ARMY ARDEC WARREN, MI 48397-5000
ATTN: SMCAR-AEE 1

SMCAR-AES, BLDG. 321 1 COMMANDER
SMCAR-AET-O, BLDG. 351N 1 US MILITARY ACADEMY
SMCAR-CC 1 ATTN: DEPARTMENT OF MECHANICS
SMCAR-CCP-A 1 WEST POINT, NY 10996-1792
SMCAR-FSA 1
SMCAR-FSM-E 1 US ARMY MISSILE COMMAND
SMCAR-FSS-D, BLDG. 94 1 REDSTONE SCIENTIFIC INFO CTR 2
SMCAR-IMI-I (STINFO) BLDG. 59 2 ATTN: DOCUMENTS SECT, BLDG. 4484

PICATINNY ARSENAL, NJ 07806-5000 REDSTONE ARSENAL, AL 35898-5241

DIRECTOR COMMANDER
US ARMY BALLISTIC RESEARCH LABORATORY US ARMY FGN SCIENCE AND TECH CTR
ATTN: SLCBR-DD-T, BLDG. 305 1 ATTN: DRXST-SD
ABERDEEN PROVING GROUND, MD 21005-5066 220 7TH STREET, N.E.

CHARLOTTESVILLE, VA 22901
DIRECTOR
US ARMY MATERIEL SYSTEMS ANALYSIS ACTV COMMANDER
ATTN: AMXSY-MP 1 US ARMY LABCOM
ABERDEEN PROVING GROUND, MD 21005-5071 MATERIALS TECHNOLOGY LAB

ATTN: SLCMT-IML (TECH LIB) 2
COMMANDER WATERTOWN, MA 02172-0001
HQ, AMCCOM
ATTN: ANSMC-IMP-L 1
ROCK ISLAND, IL 61299-6000

NOTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING
CENTER, US ARMY AMCCOM, ATTN: BENET LABORATORIES, SMCAR-CCB-TL,
WATERVLIET, NY 12189-4050, OF ANY ADDRESS CHANGES.



TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST (CONT'D)

NO. OF NO. OF
COPIES COPIES

COMMANDER COMMANDER
US ARMY LABCOM, ISA AIR FORCE ARMAMENT LABORATORY
ATTN: SLCIS-IM-TL 1 ATTN: AFATL/MN
2800 POWDER MILL ROAD EGLIN AFB, FL 32542-5434
ADELPHI, MD 20783-1145

COMMANDER
COMMANDER AIR FORCE ARMAMENT LABORATORY
US ARMY RESEARCH OFFICE ATTN: AFATL/MNF
ATTN: CHIEF, IPO 1 EGLIN AFB, FL 32542-5434
P.O. BOX 12211
RESEARCH TRIANGLE PARK, NC 27709-2211 METALS AND CERAMICS INFO CTR

BATTELLE COLUMBUS DIVISION
DIRECTOR 505 KING AVENUE
US NAVAL RESEARCH LAB COLUMBUS, OH 43201-2693
ATTN: MATERIALS SCI & TECH DIVISION 1

CODE 26-27 (DOC LIB) 1
WASHINGTON, D.C. 20375

DIRECTOR
US ARMY BALLISTIC RESEARCH LABORATORY
ATTN: SLCBR-IB-M (DR. BRUCE BURNS) 1
ABERDEEN PROVING GROUND, MD 21005-5066

NOTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING
CENTER, US ARMY AMCCOM, ATTN: BENET LABORATORIES, SMCAR-CCB-TL,
WATERVLIET, NY 12189-4050, OF ANY ADDRESS CHANGES.


